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Injections of 0.8 cc of 0.5% £-fluorouracil into the yolk 
sacs of fertile White Leghorn chicken eggs were made to observe 
the teratogenic effect exerted upon the morphological develop¬ 
ment of the embryos. The injections were performed on 2\\ and 
48 hr incubated eggs which were sacrificed at 3» 4» 5 and 6 
days of development. Many embryos exhibited inhibition of growth, 
severe hemorrhaging, edema, paleness and malformations of the 
brain, eye, viscera and beak. Histological preparations revealed 
multifolding of the cell layers of the brain, a loss of conti¬ 
nuity in the optic cup, separation of neural and pigmented layers 
of the retina along with vacuolation of the lens. It was con¬ 
cluded from the results of this investigation that 5>-f’luorouracil 
interferes with embryonic tissue/organ differentiation in chicken 
embryos. 
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Studies have revealed that 5-fluorouracil, a fluorinated 
pyrimidine, may be a teratogenic agent, causing many congeni¬ 
tal defects. When injected into the yolk sac of chicken eggs 
it causes inhibition of growth and other deleterious structural 
changes. In most of the above studies, morphological and histo¬ 
logical studies were made on late embryonic stages, and tissues 
from organisms such as mice, rats, frogs, hamsters, sea urchins, 
sand dollars, bacteria and man. Recent studies with 5-fluorou- 
racil have shown that it induces marked developmental defects 
in germ layer development, organ differentiation, inhibition of 
DNA and RNA synthesis and alterations of genetic patterns in 
the formation of gross abnormalities. 
The present investigation was undertaken to provide further 
information on the effects of 5-fluorouracil on early stages of 
development. The chick embryo was selected because of its wide 
use in studying drujgs for teratogenic activity; it is an isolated 
and independent system, and has been suggested as an excellent 
system for studying the possible effects of 5-fluorouracil on 
embryonic tissues. Through observations of chicken embryos 
treated with 5-fluorourac11, a better understanding of certain 
mechanisms involving the phenomenon of growth may be obtained. 
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CHAPTER II 
REVIEW OF LITERATURE 
Many investigators have in recent years, turned their 
attention to the biochemical, morphological and teratological 
effects exhibited by the introduction of 5-fluorouracil into 
various organisms. Biochemical studies have shown that the nor¬ 
mal biosynthesis of both DNA and RNA is inhibited by 5-fluoroura- 
cil (Waldorf, 1966; Desaive, 1974-, Levillian, Ramona and Cluzan, 
IQ7Î4.). Champ/ and Benzer (1962) concluded that 5-fluorouracil 
in rats possesses steric properties so close to those of uracil 
that it is able to follow the metabolic pathways of the latter 
and is incorporated into the deoxyribonucleic acid and ribo¬ 
nucleic acid of tumors, bone marrow, intestinal mucosa, liver 
and other tissues. According to Horowitz and Chargaff (I960), 
5-fluorouracil prevented induced enzyme synthesis of constitutive 
enzymes in Escherichia coll. Klubes and Cerna (1974.) showed 
that the depression of hepatic drug metabolizing enzyme activity 
after pretreatment with 5-fluorouracil was probably due to the 
direct action of the drug on the synthesis, and/or turnover of 
enzyme delayed growth or a combination of these é'ffects. 
Schumacher, Wilson and Jordan (1969) found that maternal 
metabolism played a significant role on the level of 5-fluorou¬ 
racil reachning rat embryos. Heidelberger (1965), Chaudhuri, 
Montag and Heidelberger (1958), Danneberg, Montag and Heidel¬ 
berger (1958), and Mukherjie and Heidelberger (I960) reported 
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that injections of 5-fluorouracil are quickly taken üp by the 
circulating fluids and its subsequent metabolism and excre¬ 
tion are rapid. The duration of effective concentrations of 
5-fluorouracil in the circulating fluids should be brief and 
some embryonic struct vires might be expected to show sharply 
defined periods of susceptibility. 
Structural changes induced by 5-fluorouracil have been 
studied by Stableford (1968) and Toivonen (1967) in Triturus 
pyrrhogaster. Xenopus laevis and Triturus vulgaris. There was 
inhibition of neural induction by ectoderm and massive nuclear 
destruction within forming organs. Lallier (1965) in sea urchin 
and Karnofsky and Basch (1959) in sand dollar embryos found that 
inhibition in the midblastula stage occured following exposure 
to 5-f‘luorouracil. The blastula became thickened and then dis¬ 
integrated. Yoshihara (1968) reported that segments of the 
fetal mouse tail in organ culture containing 5-fluorouracil 
showed a gradient of drug susceptibility, increasing from the 
proximal to distal portion. The pre- and post-treatment of 
5-fluorouracil had a more drastic effect than simultaneous ex¬ 
posure. 
Zelickson (1957) found that topically applied 5-fluoroura¬ 
cil produced definite morphological alterations in normal tis¬ 
sues demonstrated changes which were especially pronounced in 
the alteration of cytoplasmic vacuoles, mitochondria, golgi com¬ 
plex, endoplasmic reticulum as well as widened extracellular 
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spaces. These studies were recently corroborated by Cherrick 
and Weisman (1974) in Syrian hamster. 
The teratogenic activity of 5-fluorouracil has shown that 
thymine deficiency in E. coli provoked unbalanced growth and 
cell death when fj-fluorouracil was incorporated (Cohen, 1953)» 
Toshiwo (1965) found that the ribonucleoprotein particles of 
E. coli were abnormal in their sedimentation characteristics 
and RNA moiety when grown in the presence of 5-fluorouracil 
and thymine. 
Dagg (1972) clearly established that the morphogenetic 
genes and teratogens that produce deformities may in combina¬ 
tion reinforce each other and may again lower the threshold 
for the production of a malformation normally associated with 
only one of them. According to Porsthoefel and Williams (1975)» 
thymidine, thymine and uracil increased the teratogenic effects 
of 5-fluorouracil in mice. Too, the interaction of Strong's 
luxoid gene with this compound was inhibited by its minus- and 
promoted by its plus-modifying genes and that the effects of 
the teratogenic treatments may be mediated by cell death. Dagg 
(1967) concluded from his studies in mouse embryos that within 
experimental limits set by the dose of 5-fluorouracil and the 
time of administration, there was no conclusive evidence of a 
reinforcing interaction between the teratogen and the mutant 
genes. Other investigators (Dagg, Doerr and Schlager, 1966) 
have found that the genetic factors which influence the inci¬ 
dence of malformations were apparently not comoletely identical 
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with those influencing the response to 5-fluorouracil. 
When used as a chemical teratogen, 5-fluorouracil is parti¬ 
cularly suitable for investigating interactions between the 
embryo, Dregnant female and environment. A marked teratogenic 
effect of 5-flurouracil was described by DeRi and Coriandoli 
T1960). They found that the production of abortions of rat 
embryos is much more pronounced in pregnant normal rats than in 
pregnant tumor-bearing rats, presumably because the tumor used 
up appreciable amounts of the drug. In 1966 Dagg found in môuse 
embryos that up to day ten of gestation the embryos are usable 
to degrade 5-fluorouracil. Therefore, whatever 5-fluorouracil 
reaches, it can then exert teratogenic effects. 
In other cases, as in limb development, Kemeyamas, Hoshino 
and Hayasaka (1973) reported digital malformations in the mouse 
fetus resulting from maternal administration of 5-fluorouracil. 
The detectable changes in the formation of polydactylism were 
preaxial spacing of the apical ectodermal ridge and its delayed 
involution of the foot plate. These changes indicated a dis¬ 
order of tissue interaction between the ectoderm and the under¬ 
lying mesoderm. Dagg (1965) found that the injection of a low 
dose of 5-fluorouracil into pregnant mice at 10 days post-coitum 
produced preaxially polydactylous hind feet in a small portion 
of the fetuses. 
Murphy (1959) briefly mentioned that 5-fluorouracil produced 
deformed legs and tails in rat embryos after administration on 
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the 12th day of gestation. Dagg (I960) showed that inbred 
mice treated with 5-fluorouracil showed a well-defined sensi¬ 
tive period for the production of deformities and also that 
embryos of different strains of inbred mice vary in the sensi¬ 
tivity to the drug. These strains were dissimilar with regard 
to their sensitive stages. Some deformities such as polydac- 
tyly and oligodactyly were found only after treatment during 
a relatively limited series of developmental stages. Other 
deformities such as cleft palate were produced over a much 
longer period of time, but showed sharp peaks of sensitivity 
at particular days. 
Other induced deleterious effects were studied by Ruddick 
and Runner (1974) who reported that chick embryos treated with 
5-fluorouracil and labeled on day four showed a progressive 
accumulation of label in DNA extract concomitant with a lowered 
rate of increased protein content. There was also noticed a 
reduction in the net content of DNA and RNA within 2}\ hours. 
These findings were corroborated by Hara (1970) in amphibian 
embryo studies. He suggested that 5-fluorouracil may act as 
a teratogenic agent by one or more routes other than as an ana¬ 
logue of an RNA orecursor. 
Hara (1070) and Stableford (1968) reported marked develop¬ 
mental defects in the head region of Triturus pyrrhogaster and 
Xenonus laevis which included all degrees of severity, ranging 
from complete absence of the head to normal forms. Ocular aplasia 
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or hyperplasia was also observed; however, development pro¬ 
ceeded normally in all cases until after the optic cup formed. 
Cells of the nervous system at this time began to separate 
and dedifferentiate. In the tail-bud stage, embryos showed a 
more or less pronounced ectodermal and mesodermal alteration. 
Forsthoefel (1972) found that mouse eye defects were induced 
by the treatment of luorouracil on days 8-10 of gestation. 
CHAPTER III 
MATERIALS AND METHODS 
Fertile eggs of White Leghorn chickens (obtained from a 
local hatchery) were used in this investigation. They were 
incubated at 37°C in a water moisturized incubator. The eggs 
were cleaned with a 70$ solution of ethyl alcohol, incubated 
for 21; hr, and candled for viability. 
Two groups of eggs were used in this experiment: (1) 
controls which were injected with 0.85$ sodium chloride, and 
(2) expérimentais which received 0.5$ 5-fluorouracil (obtain¬ 
ed from Sigma Chemical Corp., St. Louis, Mo.). A 0.85$ sodium 
chloride solution was used as the solvent. 
Injections were made into the yolk sac of the eggs. Some 
eggs were injected at 24 br and others at 4^ hr after incuba¬ 
tion. Injections were made in all cases by puncturing the 
shell with a 20 gauge 1” hypodermic needle and depositing 0.8 
cc of 5-f‘lnorouracil into the expérimentais and 0.8 cc of sodium 
chloride into the control eggs. The opening was then sealed 
with tape, and the eggs were returned to the incubator and rotat 
ed daily. 
Embryos were sacrificed at intervals of 24 hr from the 3rd 
6th day of incubation, and gross analyses were made of each em¬ 
bryo for viability and malformations. Photographs were taken of 
the embryos with a Kodak Ektagraph or the MP-3 Polaroid camera 




SOTOS embryos were then fixed in 10$ buffered formalin 
for 12 hr or more; dehydrated Uj.5 min for each solution) in 
a graded series of ethyl alcohols (70$, 85$, 95$» absolute); 
cleared in 1:1 xylol-ethanol and in xylol; infiltrated with 
soft and hard paraffin; embedded; serially sectioned, and 
affixed to albumènized slides. Sagittal, frontal and trans¬ 
verse sections were made of embryos from control and experi¬ 
mental groups. Several staining procedures were used on 
sections of embryos (Humason, 1972): 
(1) Mallory’s Triple Connective Tissue Stain 
(2) Pyronin Y - Methyl Green for Nucleic Acids 
(3) Delafield or (Harris) Hematoxylin-Eosin for Nuclear 
and Cytoplasmic structures 
Photomicrographs were taken of selected sections of 




Observations made in this investigation have included 
several abnormalities induced by 5-fluorouracil in early stages 
of the chicken embryo. Gross analysis was made of each embryo 
and histological sections were studied, with particular empha¬ 
sis placed on the cephalic region of the embryos. 
Control Group 
The development of the control group was normal according 
to Huettner (194D. The 0.8 cc of 0.85$ sodium chloride had 
little or no effect on the developing embryos. Of the 338 eggs 
used in this group, 1.5% mortality was experienced. The mortal¬ 
ity was perhaps due to trauma of injection or handling. 
Experimental Group 
Injection of 5-fluorouracil into 24 and 4® embryos was 
performed to show its effect upon tissue/organ differentiation 
at different stages of development. Results of the preliminary 
study (Table 1) show the effects of increasing concentrations 
(0.2$ and 0;7$ and dosages (0.5, 0.8 and 1.0 cc) of 5-fluoro- 
uracil upon the viability and morphogenetic development of the 
6-day chicken embryo. The development of the embryo in response 
to the increasing concentrations of 5-fTuorouracil, resulted in 
no normal embryos being present upon examination at the 6th day 
10 
Table 1. Results of yolk sac injections of chicken embryos: Preliminary study. 
C ompound 
Injected 






















5-FTJ 9.5 6 0 2 32 
0.1% 98 1 0.8 6 0 1 3k 
1.0 6 0 1 23 
Sodium 0.5 6 18 2 0 
chloride 63 1 0.3 6 20 3 1 
0.35# 1.0 6 16  3  0 

























5-FU o.5 6 7 2 3 
33 2 
0.2% 0.8 6 8 1 5 
1.0 6 3 2 2 
Sodium 0.5 6 7 2 0 
28 2 
chloride 0.8 6 11 1 0 
0.85#  LtO — 6 6 1 0 
13 
when injected using varying dosages of the 0.7$ concentration. 
This resulted in a 95% mortality rate among the embryos. In¬ 
jection of the 0.2% concentration showed an increase of 64$ in 
the number of normal embryos and a mortality rate of 30$. In¬ 
jections of the 0.7% and 0.2% concentrations showed a l+.O and 
a 15.0 malformation percentage, respectively. 
The preliminary results indicated that a 5-fluorouracil 
concentration lower than 0.7$ would serve better in the experi¬ 
mental investigation, in that a lower mortality rate and a 
slightly higher malformation rate is obtained. However, in an 
effort to obtain a higher malformation percentage, 0.8 cc of 
0.5$ solution concentration was chosen. 
The results of day-1 yolk sac injections of 5-fluorouracil 
(Table 2) in embryos sacrificed at 3, 4» 5 and 6 days showed a 
malformation percentage of 79.0$ and a low mortality rate of 
2.5$. Injections of embryos after 48 hr and sacrificed at days 
5 and 6 showed a malformation percentage of 76.4$ and a mortal¬ 
ity rate of 1.2$. This indicated that the choice of 5-fluorou- 
racil concentration and dosage was adequate. 
Malformations in embryos produced by 5-fluorouracil are 
listed in Table 3. General inhibition of growth emerged as 
the most frequent malformation, showing a 65.4$ occurrence in 
day-1 injections and 34*6$ on day-2. (Pig. 1). Edema and pale¬ 
ness evolved as the second most frequent malformations with 
57.4$ developing in day-1 injections and 4^.6$ of day-2 injected 
Table 2. Results of yolk sac injections of chicken embryos: Experimental study. 
Total Day Day No. of No. of No. of 
C omoound 
Injected 
No. of injected Dosage examined normal malformed deaths 
eggs post- (cc ) embryos embryos post- 
& Cone. 
incubation injection 
3 7 29 0 
5-PU 196 1 0.9 
4 5 4£ 2 
5 14 34 0 















































5-FU 5 10 3f? 1 
95 2 0.9 
0.5^ 6 12 1x0 0 
Sodium 5 29 2 0 
chloride 62 2 0.9 6 31 0 1 





No. of malformed 
Day 1 injections Day 
embryos 
2 injections 
Anenceohaly 2 2 0 
Brain hemorrhaging 68 46 22 
Cleft lip 2 2 0 
Edema 117 67 50 
Everted viscera 53 31 22 
Eye hemorrhaging 53 31 22 
Inhibition of growth 11+6 96 50 
Micropthalmia 113 63 50 
Table 3» (continued) 
Total 
Malformation No. exhibiting No. of malformed embryos 
Day 1 injections Day 2 injections 
malformation  
Paleness 117 67 50 
Three-eyed embryo 2 2 0 
Unilateral anopthalmia 5 2 3 
Visceral hemorrhaging 68  46 22 
18 
Fig. 1. Photograph of 5-day chicken embryos. 
(A) exhibits marked retardation of growth of 
body and extremities. Injected with 5-FU at 
day-1 of development. (B) control. 
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embryos (Pig. 2). Hemorrhaging in the brain and viscera was 
shown to develop in embryos, with 67.3$ occurring on day 1 as 
compared to 32.7$ on day 2 injection (Pig. 3)« Everted viscera 
and eye hemorrhaging emerged in £8.4$ of the embryos as a result 
of day 1 injection as compared to for day 2 (Pigs. !|.-5). 
Unilateral anopthalmia was seen to develop in 60.0$ of day 2 
injected embryos as compared to 40.0$ for day 1 (Pig. 5). Anen- 
cephaly, cleft lip and three-eyed embryos developed in only 
0.7$ of the embryos, with these malformations occurring as a re¬ 
sult of day 1 injections (Pigs. 2 and 6). 
Experimental embryos were inhibited in their body growth. 
Their lengths varied from 0.9 to 1.7 cm, whereas embryonic 
lengths of the controls varied from 1.9 to 2.7 cm when measured 
from crown to rump (Table 4)» 
The comparison of these results indicate that 60.9$ of all 
malformations that occurred among embryos injected with 0.8 cc 
of 0.5$ 5-fluorouracil developed from day 1 injection and 39.1$ 
developed from day 2 injections. 
Histological Observations 
Histological examination of 4~day experimental embryos 
revealed multifolding of brain cell layers (Pigs. 7-8). Multi¬ 
folding resulted in the separation of connective tissue and 
cell layers of the brain and was shown in transverse sections 
of 6-day experimental embryos (Pigs. 9-10). The structural 
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Pig. 2. Photograph of 6-day chicken embryos. 
(A) control, (B) exhibits anencephaly, 
(a), micropthalmia (mp), edema and pale¬ 
ness. Injected with 5-FU on day-2 of 
development. 
Pig. 3. Photograph of 5>-day chicken embryos. 
(A) control, (B) exhibits hemorrhaging 
of brain (bh), and viscera (v). Injected 
with £-PU at day-1 of development. 
22 
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Fig. Ij.. photograph of 5-day chicken embryos. (A) con¬ 
trol, (B) exhibits everted viscerte (ev), and 
eye hemorrhaging (eh). Injected at day-2 of 
development with 5-FU. 
Fig. 5. Photogranh of 6-day chicken embryos. (A) con¬ 
trol, (B) exhibits unilateral anopthalmia. 
Injected at day-1 of development with 5-FU. 
25 
Fig. 6 . Photograph of 5-day three-eyed chicken embryo, 
exhibiting anencephaly and cleft lip. Injected 
with 5-FU at day-1 of development. 
2U 
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Table tj.t Effects of 5-fluorouracil upon embryonic growth (crown-rump length) 
Day of Day of Ho. of embryos Average embryo length (cm 
injection examination examined Experimentals C ontrols 
1 3 38 0.9 1.9 
2 19 
1 h kl 1.1 2.1 
2 35 
1 5 89 1.3 2.5 
2 51 
1 6 76 1.7 2.7 
2  52  
29 
Fig. 7. Photograoh of transverse section of brain of 
I|-day exnerimental chick embryo showing multi- 
folding of cell layers (cl). Pyronin-Y-Methyl 
Oreen. X 10» 
Fig. 9. Photograph of transverse section of brain of 
L|.-day control chick embryo showing normal cell 
layer (cl) development. Mallory Triple Connec¬ 
tive Tissue Stain. X 120. 
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Pig. 9. Photograph of transverse section of brain of 
6-day experimental chick embryo showing multi 
folding and separation of mantle layer (mt) 
from marginal layer (mg). Mallory Triple Con 
nective Tissue Stain. X 120. 
Pig. 10. Photograph of transverse section of brain of 
6-day control chick embryo showing normal 
development of mantle (mt) and marginal (mg) 
layers. Mallory Triple Connective Tissue 









arrangement of the experimentale showed a marked deviation from 
the controls. The eye in some 5-day experimental embryos show¬ 
ed a loss of continuity and multifolding in the optic cup, along 
with separation of the neural and pigmented layers of the retina 
(Pig. 11), plus disconnection and malformations of the choroid 
coat (Pigs. 12-13). Micropthalmia was observed in some 6-day 
experimental embryos (Pigs. 14-15). Several 6-day experimental 
embryos were without corneas and showed some vacuolation of 
the lens, reduced vitreous humor and partially developed reti¬ 
nal pigmented layers (Pigs. 16-17.) 
Comparing the above aberrations with the normal pattern 
of development, 5-fluorouracil showed progressive abnormal 
effects on the chicken embryo. Observations indicate that the 
embryos treated with 5-fluorouracil have been damaged to the 
extent that they would be unable to produce normal organisms. 
It was noted in this study that the differentiation process 
in the region of the brain and eye has been disturbed. 
33 
Pig. 11. Photograph of transverse section of eye of 
5-day experimental chick embryo showing loss 
of continuity and raultifolding of the optic 
cup (oc). Pyronin-Y-Methyl Green. X 90. 
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Pig. 12. Photograph of transverse section of eye of 
4-day experimental chick embryo showing 
distortion of choroid coat (cc) and pig¬ 
mented layers (pi). Mallory Triple Connec¬ 
tive Tissue Stain. X 120. 
Pig. 13. Photograph of transverse section of eye of 
4-day control chick embryo showing normal 
development of choroid coa5t (cc) and pig¬ 
mented layers (pi). Mallory Triple Connec¬ 




Pig. 11;. Photograph of transverse section of eye of 
6-day experimental chick embryo showing 
micropthalmia (mp). Mallory Triple Connec 
tive Tissue Stain. X l;8. 
Pig. 1S>. Photograph of transverse section of eye of 
6-day control chick embryo showing normal 
development. Mallory Triple Connective 
Tissue Stain. X 120. 
38 
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Pig. 16. Photograph of transverse section of eye of 
6-day experimental chick embryo without 
cornea, vaculoation of the lens (1), and 
reduced vitreous humor (vH). Mallory Triple 
Connective Tissue Stain. X 2I4.O. 
Pig. 17. Photograph of transverse section of eye of 
6-day control chick embryo showing normal 
development of Sornea (c), lens (1) and 
vitreous humor (vh). Mallory Triple Connec¬ 




5>-f luorouracil is thought to act by 3 mechanisms: (1) 
the alteration of DNA synthesis by blocking the formation 
of thymidine; (2) inhibition of conversion of uracil into 
RNA, and (3) incorporation of 5-fluorouracil into RNA and the 
production of abnormal RNA. Investigators Aita and Conti 
(1Q6£) and Ruddick and Runner (1974) have studied the effects 
of 5>-fluorouracil on the chicken embryo, with major emphasis 
placed on total growth after organogenesis and the malforma¬ 
tions formed during this oeriod. The current study has been 
designed to investigate the teratogenic effects of 5-fluorou- 
racil on chicken embryos in pre- and post-organogenesis 
periods. 
According to Huettner (194D the fundamental development 
of the brain and eye normally appears in the chick embryo at 
33 hr. For this reason studies were primarily made on embryos 
injected on day-1 and day-2 of development and sacrificed on 
day 3» 4» 5> and 6 to determine 5>-fluorouracil1 s effect in pre- 
and post-organogenesis in this region. 
Organs and organ parts whose anlagen are growing rapidly 
at the time of treatment could be most affected. Marked devel¬ 
opmental defects were observed in the head region of the experi¬ 
mental chicken embryos. Brain and eye formation was found to 
be considerably disturbed. The cell layers of the three primary 
41 
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divisions of the brain are normally slightly folded (neuromeres); 
however, in this study they were found to be severely folded, 
and there was a separation of the mantle and marginal layers, 
with large gaps between them. The marginal layer was also found 
to be dispersed in several areas of the brain, thus diverting 
from its normal developmental structure and giving a non-uniform 
appearanee. 
Forsthoefel (1972) found in studies using the rat that 
5-fluorouracil interferes in several ways with normal metabo¬ 
lism, resulting in inhibition of cell division and embryonic 
growth. The latter observation on growth is in accord with 
data presented in this study. In transverse sections of the 
eye of experimental embryos the pigmented and neural layers of 
the retina were found to be separated and showed a loss of con¬ 
tinuity in structure. Normally, these layers surround the lens 
except in the area of the cornea. Other malformations included 
separation of the choroid coat and retinal layers, as well as 
an absence of the cornea, vacuolation of the lens, invagina¬ 
tion of the sclera within the optic cup and reduced vitreous 
humor. 
Forsthoefel (1972) reported that the eyes were most sensi¬ 
tive to total agenesis at the time that the primordia of the 
eyes, the optic vesicle, evaginate from the forebrain. The 
eyes are most sensitive to reduction and malformation when the 
optic vesicle develops into the optic cup. Our study revealed 
43 
that 5-fluorouracil injection at these sensitive periods 
resulted in missing, additional, much reduced or malformed 
eyes. Too, these findings also indicated permanent morpho¬ 
logical alterations in the chick embryo when treated with 
5-fluorouracil. These alterations were apparently due to the 
effects of the teratogen on the early primordia of the lens 
placode, optic vesicle and mesenchymal layers forming the 
sclerotic coat and cornea. 
It may be concluded that irregularities caused by £-fluorou- 
racil in the differentiation of cell layers resulted in many 
abnormalities. Inhibition of growth, severe hemorrhaging and 
edema in visceral and cephalic regions, anencephaly, paleness, 
everted viscera and aberrations in eye development were the 
most frequently occuring alterations. 
CHAPTER VI 
SUMMARY 
1. 5-fluorouracil when injected into the yolk sac produced 
specific and reproducible developmental abnormalities 
in the chicken embryo. 
2. Inhibition of body growth and extremities was the most 
freauently observed abnormality. 
t 
3. The recurrence of anencephaly, unilateral anopthalmia, 
micropthalmia and brain hemorrhaging was observed more 
often in embryos injected at day-1 of incubation, when 
compared to those injected at day-2. 
4. 5-fluorouracil caused irregularities in the differenti¬ 
ation of the cell layers into brain and eye tissue by 
acting on the primordia of these structures. It enhanced 
involution of the cell layers of the brain and interrupt¬ 
ed the formation of the optic cup and retinal layers. 
1+4 
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